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I, the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) 
■'■> ' H'X&i tn ^#BjS r t e ^ 1 jii^' on ^ Contracting Out Act 1994, to sign and issue certificates on behalf of the 
1 ^ Compi^ilifeCl^tieral , hereby certify that annexed hereto is a true copy of the documents as 

;•. originaTiy^rei'Si; connection with the patent application identified therein. 



In accordance wifh the Patents (Cojm^antes^f' -registration) Rules 1982, if a company named 
in this certificate and any ac^mp|tnyin^ ? dc^cuiiients has re-registered under the Companies Act 
1980 v^^iJ^^ 1 Miil U 1 $&H$B^ich it was registered immediately before re- 

substitution as, or^Sf usion as, the last part of the name of the words 
"public limited comp* ny^' or their equivale^f n Welsh, references to the name of the company; 
in this certificate and any accompanying documents shall be treated as references to the name 
with which it is so re-registered. 



In accordance^ th the rules, the words "public limited company" may be replaced by p. I.e., 

Re-registration under the Companies Act does not constitute a new legal entity but merely 
subjects the company to certain additional company law rules. 




An Executive Agency of the Department of Trade and Industry 
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Warning 

After an application for a patent has bee?i filed, the Comptroller of the Patent Office will consider whether publication 
or communication of the invention should be prohibited or restricted under Section 22 of the Patents Act 19". You 
will be informed if it is necessary to prohibit or restrict your invention in this tvay Furthermore, if you live in the 
United Kingdom, Section 23 of the Patents Act 1977 stops you from applying for a patent abroad without first getting 
written permission from the Patent Office unless an application has beert filed at least 6 weeks beforehand in the 
United Kingdom for a patent for the same invention and either no direction prohibiting publication or 
communication has been given, or any such direction has been revoked. 

Notes 

a) If you need help to fill in this form or you have any questions, please contact the Patent Office on 0645 500505. 

b) Write your answers in capital letters using black ink or you may type them. 

c) If there is not enough space for all the relevant details on any part of this form, please continue on a separate 
sheet of paper and tvrite "see continuation sheet" in the relevant part(s). Any continuation sheet should be 
attached to this form. 

d) If you have answered 'Yes' Patents Form 7/77 will need to be filed. 

e) Once you have filled in the form you must remember to sig?i and date it. 

f) For details of the fee and ways to pay please contact the Patent Office. 
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Agent's Ref: P02531GB 



ELECTRODE 



The invention relates to an electrode formed of low conductivity material. Typically 
such electrodes take the form of an elongate hollow body. Preferably the body is 
mMl n * "W** ^ nvade of a substoichiometric oxide of titanium or the like in which case it is likely that 
fir, the most effective manufacturing route will result in the body being porous 

It has been"'cl fculate^ " W^kV^rfusMfif??T^d on a tubular body 500 mm long, 
18 mm outside diameter with ajmm waLU thickness, made of a material with a 
•^i^.i^y ^ , volume resistivitv of 30 mO rm nn*ratinflWM?.& an electrical connection at the one 

f nded to provide a current density of 




there will be a voitage drop of about 
electrode. In many electrochemical 
applications and as a result of this voltage drop there may be regions of the electrode 
where the potential is insufficient to perform its intended function. In the case of an 
electrolytic process operating at low voltages between anode and cathode (the 
preferred situation since this leads generally to lower electrical costs) of the order of 
1 to 5V it cannot be guaranteed that all the surface area of the electrode will be 
equally effective, or effective at all. This is particularly true of electrolytic processes, 
such as water treatment, which are favoured by electrode surfaces which exhibit high 
gassing overpotential (such as titanium suboxides, lead dioxide, doped tin dioxide 
etc). In such cases, the actual current density can be shown to vary by more than 
50% between the ends of such an electrode. 
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It is one object of this invention to provide a method of making an electrical 
connection to such an electrode which will solve this problem, particularly in the 
context of the electrode body being made of a porous material. 

In one aspect the invention provides an electrode comprising an elongate generally 
hollow body formed of low electrical conductivity material, an electrical conductor 
being connected to a power source and located inside the body at spaced apart 
locations and arranged so that the current is distributed substantially uniformly along 
the electrode. 

The conductor is made of a material with an electrical conductivity substantially 
higher (at least 2 orders of magnitude) than that of the electrode body. In one form 
the conductor is a coiled length of spring wire shaped so as to mechanically urge the 
coils into contact with the inner wall surface of the tubular body at regular intervals. 
In another embodiment separate conductor" lengths are present at longitudinal 
spaced apart locations and each contacts the inner wall of the cylinder. 

The body may be formed from a range of materials. Most preferably the electrode 
body is formed of a substoichiometric oxide of titanium of the form TiO x where x is 
from about 0.99 to about 0.7. Such a body is generally porous since the more most 
cost-effective manufacturing routes to a cylindrical or hollow body of such materials 
results in a porous structure. Catalytic elements may be present. In a preferred 
embodiment the electrode body is formed of the substoichiometric oxide of titanium 
and the electrode conductor is a valve metal, whereby a durable electrical connection 
is made. 

The body is preferably at least 200 mm long when the invention is valuable for use 
with materials for which the volume resistivity is higher than about 20mD.cm. If the 



material of the body is of higher resistivity then the invention is valuable for use 
where the body is at least 150 mm long. 




-demanding wastes 

2. Infectious agents 

3. Plant nutrients 

4. Exotic organic chemicals 

5. Inorganic minerals and chemical compounds 
5. Sediments 

7. Radioactive substances. 



Sewage and other oxygen-demanding wastes are generally carbonaceous organic 
materials that can be oxidised biologically (or sometimes chemically) to carbon 
dioxide and water. These wastes can be problematic. Infectious agents are usually 
found in waste water from municipalities, sanatoriums, tanning and slaughtering 
piants and boats. This type of pollutant is capable of producing disease in man and 
animals, including livestock. 



Plant nutrients, (e.g. nitrogen and phosphorus) are capable of stimulating the growth 
of aquatic plants which interfere with water usage and which later decay to produce 
annoying odours and increase the amount of oxygen-demanding waste in the water. 



Exotic organic chemicals include surfactants used in detergents, pesticides, various 
industrial products and the decomposition products of other organic compounds. 
Some of these compounds are known to be toxic to fish at very low concentrations. 
Many of these compounds are not readily biologically degradable. 

Inorganic minerals and chemical compounds are generally found in water from 
municipal and industrial waste waters and from urban run-off. These pollutants can 
kill or injure fish and other aquatic life and can also interfere with the suitability of 
water for drinking or industrial use. A prominent example is the occurrence of 
mercury in water. Another example is salt pollution used to de-ice roads in winter in 
the northern, colder climates. 

Sediments are soil and mineral particles washed from the land by storms and 
floodwaters, from croplands, unprotected forest soils, overgrazed pastures, strip 
mines, roads and bulldozed urban areas. Sediments fill stream channels and 
reservoirs; erode power turbines and pumping equipment, reduce the amount of 
sunlight available to aquatic plants; plug water filters; and blanket fish nests, spawn 
and food supplies, thereby reducing the fish and shell fish populations. 

Radioactive substances in water environments usually result from the wastes of 
uranium and thorium mining and refining; from nuclear power plants and from 
industrial, medical, scientific utilisation of radioactive materials. 

In another aspect the invention provides apparatus for use in electrolytic treating of a 
liquid comprising a chamber containing the fluid to be treated, an anode and a 
cathode at least one of which is an electrode as disclosed herein, and a supply of 
electrical current. 



The invention is seen to particularly good effect in the treatment of water or aqueous 
media. In such a case electrical current is passed between an anode and a cathode 
across a small gap, through which the water is passed. Because of the structure of 
an electrode of the invention one can guarantee that a predetermined minimum 
voltage, e.g. 3V will be present along the length of the electrode. 

Electrodes made of titanium suboxide has a high gassing overpotential, i.e. the 
voltage required before any appreciable current passes because of the low catalytic 
activity of the surface for splitting water into hydrogen and hydroxyl radicals. This 
level is in excess of 1V unless the surface is catalysed, so the effective driving force 
for current is at most about 2V (if the overall voltage is 3V as above) near the 
connector and 1.25 volts at the other end due to the voltage drop along the electrode 
in the absence of this invention,_under the conditions described above. 

In yet another aspect the invention provides a method of operating apparatus as 
disclosed herein, including supplying a current from the power source to the 
electrode of low conductivity at a current density of more than 10 A.m 2 of external 
anode area, whereby the voltage variation between any two points on the electrode 
is less than 200 mV. 

In order that the invention may be well understood it will now be described by way of 
example with reference to the accompanying diagrammatic drawings, in which 

Figure 1 is a diagram showing a representative electrochemical cell for the 
treatment of water; 

Figure 2 is an enlarged view partly in section of one embodiment shown in the 
diagram of Figure 1 and Figure 3 is the same of another embodiment. 



The water treatment system includes a cell whereby the water being treated is 
introduced to the annular space 2 between two elongate tubular bodied electrodes, 
with a small annular clearance in between. Each electrode is typically 500 mm long 
and is connected to the respective poles of a D.C. supply 4 so that one electrode is a 
cathode 5 and the other (in illustration, the inner electrode) an anode 6. The inner 
electrode is typically 18 mm outside diameter and the annular space is typically 2 

^iMf^ife^ an electro| y tic reaction take * 

f- •* place, such : ss treating the^Vater to remove" pofjjjjiants. The water passes in the 
V an, i^r^'^f.*?- ^ raoce - .^^^^^^CW^^^^s/, .^yiSi%.lly the electrical connection is 
made to-one en'd of ^^rj.Wei'e&rode and' aWrent of about 2.83 amps is supplied. 
If the inner electrode is m||k ;i o : f,a^itaniumV; uboxide tube with a wall thickness of 3 
mm and which has.a volume resistivity of ~30mD.cm, a voltage drop of about 750mV 
will occur down tHelWng#df'tne inner electrode in the absence of this invention, so 
that the cell potential at one end will be about 3V and at the other 2.25V. 

According to the invention the anode 6 of Figure 1 comprises an elongate tube 10 
formed of titanium suboxide by moulding, extrusion or the like. The tube is about 500 
mm long, having an inner diameter of 12 mm and an outer diameter of 18 mm, i.e. a 
wall thickness of about 3 mm. 



According to one embodiment of the invention and as shown in Figure 2, the current 
feeder comprises a length of titanium spring wire 1 1 which extends along the inner 
bore of the tube. One end of the wire 1 1 is connected to the power source 4, the 
other end may be sealed by an end cap. The coils of the spring are mechanically 
urged into contact with the inner wall of the tube at longitudinally spaced apart 
locations L whereby the supply is distributed substantially uniformly along the length 
of the tube. As a result the cell voltage is substantially the same along the entire 



length of the cell and hence the entire length is effective in its electrochemical 
function, such a killing micro-organisms, oxidising and/or reducing contaminants. 

The cathode may be the same shape as the anode or it may be of standard design. 

In the embodiment shown in Figure 3, the coil spring is replaced by a series of 
individual connectors 12 spaced apart along the length of the tube. 

The invention is not limited to the embodiment shown. The water treatment 
apparatus may comprise banks of cells, and include other treatments. The electrode 
need not be circular in section. Although the invention has been described in relation 
to water treatment, the electrode has value in any situation where an elongate 
elect rod e-Ts~ "useful." Such applications include in-situ soil remediation, and 
electrochemical synthesis reactions, e.g. a redox system. 
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CLAIMS 

An electrode comprising an elongate generally hollow body formed of low 
electrical conductivity material, an electrical conductor being connected to a 
power source and located inside the body at spaced apart locations and 
arranged so that the current is distributed substantially uniformly along the 
electrode. 

An electrode according to Claim 1, wherein the electrical conductor extends 
along substantially along the length of the body. 

An electrode according to Claim 2, wherein the conductor is a coil length of 
spring w'^jgP^f^j-sa^ Jo f ^.ep^y^Hy ur 9 e the coils into contact with the 
in ^^^^^^^p^^ body at longi'kf inally spaced apart locations. 

An electrode acceding to any pre^'cli^/^alW'i , wherein separate conductors 
are present at longitudinal spaced aparfJod^tjofi; and each contacts the inner 
wall of the body. ^B^SH^ 

An electrode according to any preceding Claim, wherein the electrode body is 
formed of a substoichiometric suboxide of titanium of the form TiO, where x is 
from about 0.99 to about 0.7. 

An electrode according to any preceding Claim, wherein the body is at least 
200 mm long. 

An electrode according to any preceding Claim, wherein the electrical 
conductor is made of a valve metal. 



8. 



Apparatus for use in electrolytic treatment of a liquid, the apparatus 
comprising a chamber containing the liquid to be treated, an anode and a 
cathode at least one of which is an electrode according to any of Claims 1 to 

7. 



10. A 



■ . AVijratus accord?h^#*6l% 8, wherein the liquid is aqueous effluent or 
watet'and thW treatmeTifYs M f& s '%iove pollutants. 

of ooe^»^§^PlMfe 



supply 



method of operat^^^*f%g^^ c, a im 8 or 9 including 
)plyina a current, from th« n4u.w Qnnrro *r> *Vh2 ^iCil^ui, ^* * ~* 



any two points on the electrp^isJes^than 200 mV. ^^fl^;;^. 

Amn-situ soil remediation system incorporating an electrode according to any 
of Claims 1 to 7. 



Mr, IS 



12. Apparatus for performing a redox type reaction, incorporating an electrode 
according to any of Claims 1 to 7 

© 
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